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(UNCLASSIFIED)  ABSTRACT 


The  drag  and  stability  properties  of  the  105-mm,  HE, 
presented.  These  data  were  obtained  from  Transonic  Range 


T388  shell  are 
firings . 
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INTRODUCTIC®! 


At  the  request  of  the  Canadian  Armament  Research  and  Development 
Establishment  (CARDE),  BRL  fired,  through  the  Transonic  Range^,  four 
versions  of  the  105-inm,  HE,  T588  shell,  designed  at  GARDE  (Figure  l). 

The  four  types  varied  only  in  body  length  and  were  designed  to  bracket 
a  stability  factor  of  1.8  at  M  =  1.1.  These  firings  were  suggested  by  the 
Bi-partite  Standardization  Committee  as  a  part  of  the  development  of  improved 
105-mra  howitzer  ammunition.  The  firings  were  to  determine  the  drag  properties 
of  these  shell  from  M  =  0.6  to  M  =  1.5  the  gyroscopic  stability  factors 
at  M  =  1.1. 

Early  tests  indicated  that  the  drag  of  these  shell  was  approximately 

2  5 

20^  lower  than  that  of  the  standard  Ml  shell  ^  .  The  T588  shell  has  a  long 
hollow  boattail  and  it  was  thought  that  the  drag  could  be  further  reduced  by 
bleeding  air  into  the  base  fran  the  body  of  the  shell.  Three  shell  of  each 
type  were  available  for  stability  firings  at  M  =  1.1,  and  an  additional  ten 
shell  of  Type  1  for  base-bleed  experiments. 

The  shell  were  launched  from  a  105-nnn  howitzer  (l  -  20  twist).  A  yaw 
inducer  was  employed  on  the  six  rounds  at  M  =  1.1.  This  was  done  in  order 
to  obtain  adequate  yaw  levels  for  a  yaw  reduction.  The  physical  properties 
of  the  shell  are  given  in  Figure  1. 

STABILITY 

Tlie  stability  factors  and  other  aerodynamic  properties  of  the  shell  are 
given  in  Table  I.  The  reduction  parameters  are  given  in  Table  II.  The 
stability  factors,  as  determined  at  465  feet  from  the  muzzle,  at  about  M  =  1.1, 
vary  from  1.66  for  Type  1  to  1.95  for  Type  2.  All  types  are  dynamically 
stable  at  the  velocity  tested,  M  =  1.1.  No  yaw  analysis  was  made  at  other 
velocities  fired.  The  yaw  damping  rates  appear  to  be  sensitive  to  yaw  level 
but  the  evidence,  on  this  small  sample,  is  rather  weak. 
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DRAG  COEFFICIENT 


The  drag  force  coefficient,  K^,  was  obtained  by  fitting  a  cubic  equation 

to  the  time-distance  data  for  each  round.  These  data  were  then  reduced  to 

2 

zero-yaw  by  the  relationship  ^^2^*  ^2^  drag 

^o  6  6 

coefficient,  was  determined  to  be  S.O  (per  square  radian)  at  M  =  1.1.  This 
value  was  used  to  reduce  all  drag  values  to  zero  yaw  (Figure  2).  A  shadow¬ 
graph  of  Type  4  at  M  =  1.086  is  given  in  Figure  3.  Three  shell  of  Type  3 
and  one  shell  each  of  the  other  three  types  were  fired  at  M  =  1.1.  When  no 
difference  was  noted  in  the  drag  for  the  different  types,  the  six  remaining 
shell  were  fired  over  a  range  of  Mach  numbers  to  establish  the  drag  curve. 

In  comparing  drag  values  of  the  Ml  with  that  of  the  T388  (Figirre  2)  it  is 
seen  that  in  the  subsonic  region  drags  are  the  same  for  both  shell  while  in 
the  supersonic  region  the  T388  drag  is  20^  less  than  that  of  the  Ml. 

To  test  base-bleed  designs  Picatinny  Arsenal  modified  ten  Type  1  T388 
shell  by  drilling  bleed-holes  with  a  0.25  inch  diameter  at  29^  to  the  axis 
of  the  shell.  Five  variations  of  vented  areas  varying  from  6  to  48  holes, 
located  before  and/or  after  the  rotating  band,  were  tested  (Figures  4  and  5)* 
Details  and  physical  properties  for  each  type  are  listed  in  Table  III.  These 
designs  showed  no  improvement  in  drag  (Figure  2),  In  fact,  for  the  two 
rounds  fired  in  the  subsonic  region  there  appears  to  be  an  increase  in  drag. 
The  20^  drag  increase  at  M>1.2,  for  modification  1,  however,  is  due  to  the 
removal  of  the  boattail  and  not  to  the  presence  of  the  vent  holes. 
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CONCLUSION 


The  ballistic  characteristics  of  these  four  types  of  shell  differ 
very  little.  At  M  =  1.1  the  gyroscopic  and  dynamic  stabilities  are  similar 
and  adeqiiate.  Therefore,  because  of  the  measured  similarities  of  the 
ballistic  characteristics  of  all  four  types  the  selection  of  the  final  type 
can  not  be  made  on  the  basis  of  these  characteristics. 

The  hoped  for  further  reduction  in  drag  by  bleeding  air  into  the  base 
was  not  achieved.  The  intakes  were  located  upstream  of  the  boattail  where 
the  surface  pressures  are  higher.  These  locations,  however,  severely  limit 
the  total  intake  area  which  can  be  achieved  without  jeopardizing  the  strength 
of  the  projectile.  Hence,  only  about  one  hadf  of  the  optimum  intake  area 
could  be  achieved  even  with  48  holes.  This  partially  accounts  for  the 
negative  results,  and  perhaps  inefficient  ducting  with  l/4-lnch  diameter 
holes  further  reduces  the  amount  of  air  bled  into  the  base  cavity.  It  is 
rather  doubtful  that  further  experimentation  with  base-bleed  with  this  design 
would  be  fruitful. 


EUGENE  D.  BOYER 
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